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ABSTRACT 


Vowel length was found to be a sufficient cue for both 
the phonemic categorization of certain vowels and the phonemic 
categorization of voicing in perceptual experiments. An 
amplified voicebar was found to suppress the influence of 
vowel duration on the voicing categorization. The duration 
of the pause following the CVC in the phrases "The big CVC 
could be here" and "The CVC could be here" was found to shift 
the vowel categorization and voicing boundaries. There were 
also small differences between the results for the frame "The 
CVC could be here" and "The big CVC could be here". The intona- 
Cionscontourson could be here" did not affect’ the categoriza- 
tion of the vowel or voicing. The effect of these three more 
global factors was found to be slight and easily separated 
from the strong effect of the local factors; vowel duration 


and voice bar amplitude. 
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I. Introduction 


In the study of communication equal emphasis must be given to 
research on the production of signals and research on the perception of 
signals. The synthesis of results in these two general areas of research 


can then produce a unified theory of the communication system as a whole. 


Recent work on the timing of segments in natural speech has 
concentrated on production. Three main results of this work form the 
basis of this study. First, there is the concept of the intrinsic 
duration of a vowel. In English the categorization of a specific phone as 
a particular vowel phoneme is due to a combination of its phonetic 
quality, ie., its position in the vowel formant space, and its duration. 
The vowels /1,€,U,A,;o/—are “short” vowels while /i1,e¢,u,#@0,a/ are “long” 
vowels. Under most conditions the duration of a vowel is one cue to its 
identity (Ainsworth, 1972 and Peterson and Lehiste, 1960). Second, there 
is the dependence of both vowel quality perception and the perception of 
voicing in the following consonant on the duration of the vowel (Hogan and 
Rozsypal, to appear and Mermelstein, unpublished). Third, there is the 
concept of syntactic effects on timing. Thus syllables at the end of 
surface structure phrases are longer than syllables in other locations 


CHoseing wlo/Seandeklatt, 1.975). 


In preparation for this study a list of all monosyllabic English 
words of the form CVC where C = WOR tn ky 005) 55D cara eee) and V = pike 


pee ny Uy se 6,030, was prepared (see Appendix 1). 
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A quadruple of words, C+V1+Cl, C+V1+C2, C+V2+Cl, C+V2+C2, was sought such 
that; 
a. Cl and C2 differed only in voicing, 
b. the regions in formant space categorized as V1 and V2 overlapped 
or bordered one another, 
ce Vl and V2 were intrinsically long and short, respectively, 
d. the four words were commonly used, 
e. the four words were always used as the same part of speech, and 
f. the four words shared enough semantic features that they could 
be used in the same syntactic frame without semantic anomaly. 
Of the possible quadruples listed in Appendix 1 only "cub, cup, cob, cop" 
- phonemically, /kAb, kap, kb, kop/ - satisfied all of these 
requirements. The formant space in the region of the /o,A/ categorization 
is less crowded in the Canadian dialect studied than in some American 


dialects. 


The present study addresses several related questions. First, the 
most basic question, is vowel length a sufficient cue for the phonemic 
categorization of certain vowels in perceptual experiments? If not, then 
a straight formant theory of the perception of English vowel phonemes 
might be sufficient. Otherwise a theory of the perception of vowel 
phonemes must incorporate duration as an important cue. This study 
demonstrated clear perceptual boundaries between /9/ and /A/ 


categorizations on the continuum of vowel duration. 
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Second, can the interaction of vowel phoneme perception and the 
perception of voicing in the following consonant be eliminated by a 
second, sufficient cue to voicing? Voice bar was used as the second cue. 
A voicebar is produced by periodic vibration of the glottis after oral 
closure. Acoustically the voicebar is a single band of energy at the 
fundamental frequency. This cue eliminated the effect of duration on the 
perception of voicing. Production measurements had not suggested that 


such an extreme effect would be found. 


Third, and most interesting, is the perceptual boundary affected by 
the position of the vowel in a phrase? If not, then the domain of a 
theory of English vowel perception could be restricted to the syllable. 
Otherwise, position in a phrase must be incorporated into any theory of 
vowel quality perception, even in the speech of a familiar speaker at a 
constant speaking rate. Within the limits of this study, phrase context 


did slightly shift the position of the perceptual boundaries. 


In summary, both local and global features of the speech signal may 
affect the phonemic categorization of a vowel sound as a function of the 
vowel's duration. The vowel's duration or its position in formant space 
would be strictly local features. Slightly more distant features would be 
the presence, amplitude and duration of a voicebar on a following 
consonant. Yet more global features would include; the number of 
unstressed syllables in the same phrase, the position of the vowel in the 
phrase, and the position of the major stress in the phrase. The most 


global features include the position of the major sentence stress, the 
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overall rate of speech, and even semantic associations. The general 
conclusion of this study is that both local and global variables have 
significant effects on vowel phoneme and consonantal voicing 
categorization. But the local variables play the major roles and a 
general description of their effect can be made independent of the global 


variables. 
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Il. Literature’ Review 


A. Phonemic Categorization of Vowels 


Production 


House (1961) distinguished two types of vowel lengthening. Primary 
lengthening is claimed to be a learned part of English phonology. It 
occurs in tense vowels /i,e,#,#,a,5,0,u/ (vs./1,€,a,v/) and before voiced 
consonants. Secondary lengthening is said to be a function of the 
articulatory process. This includes lengthening of open vowels /e,AW (vs. 
close vowels /1,U/) and vowels before fricative consonants. Vowel openess 
corresponds to tongue height. The tongue is higher for a tense vowel than 
a lax one and it is higher for an open vowel than a close vowel. The 
present study is concerned mainly with duration as a cue to /d/ vs /A”/ and 
voiced vs. voiceless consonants. Thus it deals with what House termed 


primary lengthening. 


Klatt (1975) measured the durations of stressed and unstressed 
vowels in connected discourse. The average length of stressed /95/ was 150 
msec. The average length of stressed /A/ was 90 msec. Klatt (1976) 
provided a rather thorough review of recent literature on variation in 
vowel length. Differences in duration due to the intrinsic nature of the 
segment type such as /9/ vs. /A/ accounted for about half the variance in 
stressed vowel durations in a connected discourse. This leaves a great 


deal of variation to be explained by other factors such as the rate of 
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Speech, the vowel's immediate phonetic environment, pauses, and even 


prosodic features. 


Berception 


Mermelstein (MS, unpublished) synthesized “bat, bet, bad, bed" with: 

a. the first formant varying from 625 to 650 to 6/5 Hz, and 

b. the vowel's duration varying from 48 to 240 msec in 8 msec 

steps. 

He refuted Lindblom's claims (Lindblom and Studdert-Kennedy, 1964) that a 
listener corrects for coarticulation affects when a rapid speaker 
undershoots a vowel. Lindblom assumed that the basic cue to the 
perception of the openess of a vowel was the position of its first 
formant. Lindblom claimed that when a speaker talks rapidly he is unable 
to produce as high a first formant as in slow speech. He predicted that 
when a listener is processing a short vowel, allowance is made for the 
speaker's difficulty in producing a high first formant. Thus a short 
vowel will be accepted to be as open as a longer vowel with a higher first 
formant. Mermelstein found that this was not true. He found that both a 
long duration and a high first formant were cues to openess. He found 
that a short vowel was as open as a longer vowel only if the longer vowel 
had a lower first formant. This contradicts the assumption that the 
position of the first formant is the basic cue. The formant position and 
duration cues have more nearly equal weights and are traded off against 


each other. 
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This is an example of how two local features interact in the perception of 
vowel phonemes. In the present study it will be shown that a more global 
feature and a local feature can interact in a similar manner. Generally, 
the affect of the more global feature is small compared to the affect of 
the local features. Three weaknessess in Mermelstein's results are; 

ae the small number of subjects, 

b. the significant differences among the subjects, and 

ce. lack of control of the subject's perception of speaking rate. 
The present study used a larger number of subjects but the differences 
among the subjects have not been analyzed. The subjects' perception of 
speaking rate was controlled by the use of entire sentences in the present 


study. 


Ainsworth (1972) used synthetic vowels that; 

a. spanned the F1-F2 space, 

b. had lengths from 120 msec to 600 msec, and 

c. were embedded in a hVd context. 
Speakers of British English labelled the stimuli as one of the following; 
"who'd, hood, hod, hoard, hard, hud, heard, head, had, hid, heed, 
non-vowel, non-English". His results suggest that duration may be a more 
important perceptual cue for vowel recognition in the hVd context than 
with isolated vowels. The immediate phonetic context hVd is a slightly 
more global factor than vowel duration. The more global factor appears to 


affect the salience of the more local factor. The purpose of the present 
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Study is to examine the interactions of such global and local features. 
Ainsworth identified /u,5,0,3%,i/ as long vowels and /v,0,A,€,I1/ as short 
vowels. Ainsworth did not present an objective analysis of the data to 
Support the conclusion that, “nearest neighbours in the Fl-F2 space are 
more strongly dependent on duration than the others.” But this conclusion 


is easily accounted for with a functional analysis of phonetic cues. 


B. Interaction with Voicing Cues 


Production 


Peterson and Lehiste (1960) found that a given vowel was longer 
before a voiced consonant than before the corresponding voiceless 
consonant by a ratio of 3:2. They also found that the duration of a long 
vowel nucleus before a voiceless consonant overlapped the duration of a 


short nucleus before a voiced consonant. 


House (1961) found that the duration of tense vowels before 
voiceless consonants overlapped the duration of lax vowels before voiced 
consonants. This would suggest that if duration is used as a cue to both 
vowel phoneme categorization and voicing categorization then there will be 
an interaction of the two categorizations as the single cue, vowel 


duration, is varied. 
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Physiology 


Malécot (1970) found a correspondence between the intrabuccal 
pressure and reported “force of articulation". The fortis or voiceless 
consonants require more effort and coincide with a higher intrabuccal 
pressure. The lenis or voiced consonants require less effort and coincide 
with a lower intrabuccal pressure. The role of force of articulation 
appears to be most important for final consonants. The duration of vowels 
before a final consonant varies inversely with the reported force of 
articulation. Malécot suggests that there are several cues for the 
fortis/lenis distinction; 

a. presence/absence of voice bar, 

b. contrastive vowel duration, 

c. contrastive closure duration, 

d. contrastive transition rates, 

e. contrastive transition saturation, and 

f. contrastive noise intensities. 


The present study deals with the first two of these possible cues. 


Perception 


Hogan and Rozsypal (to appear) used five levels of gating of the 
vowel nucleus. They found that the perceptual cues to the voicing of the 


following consonant that could override the cue of duration included; 
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a. voice bar duration, 
b. duration of the silent interval between the vowel and final 
release of the transient, and 

c. consonant duration. 
It appears that the listener weights the cues that are available. They 
found that before stops vowel duration could cause a cross-over in the 
voicing categorization only if the voicebar was short. A similar effect 
was found in the present study. Cross-over occured only in the absence of 


the voicebar. 


Mermelstein (MS, unpublished) found no interaction between the vowel 
categorization and the consonant categorization when they were both cued 
by duration. "Two separate phonetic decisions based on overlapping range 
of the signal are adequate models and feedback from the output of the 
phonetic decisions need not be explicitly introduced.” The present study 
supported this conclusion in that the transition from /kap/ to /kop/ in 
the absence of a voicebar appears the same as the transition from /k,ab/ to 


/k°b/ in the prescence of a voicebar. 


C. Broad Contextual Effects 


Production 


Lindblom (1963) studied vowel reduction in Swedish. He developed a 
theory of vowel formant 'targets'. He attempted to put neural events in a 
one-to-one correspondence with linguistic categories. The same neural 
events are supposed to occur for each instance of a given vowel. These 


events specify the target. Since the articulators move with finite speed 
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the target will not be reached in short vowels. The listener must correct 
for this. Lindblom says that a given vowel length will produce set values 
of Fl and F2 for a given target regardless of whether stress or rate 
produced that vowel length. Mermelstein's (MS, unpublished) criticism of 
such an analysis is weakened by the fact that he did not control the 
subject's perception of stress or rate. The present study made an effort 
to control such global factors but did not manipulate the formant values. 
Language differences cannot be overlooked either. The present study deals 


only with English and can make no claims concerning other languages. 


Huggins (1975) measured the duration of stressed syllables in the 
sentences, "Cheese(s) (a)bound(ed) (ab)out." He claimed that the 
unstressed syllables affect the duration of a preceding stressed syllable 
except where blocked by an intervening syntactic boundary. Normally the 
extra unstressed vowels shorten the stressed one. So syntactic boundaries 
and the number of syllables in a phrase are global features that may 
affect the perception of vowel duration and thus phonemic categorization. 
Huggins suggested that it would be possible to synthesize the effects of 
metric feet and syntactic variables. There are two main objections to 
this work; 

a. The syntactic boundaries perceived by the linguist do not 

neccessarily have any psychological reality. 

b. It is assumed that the different semantic content of “Cheese 

bound out.” and "Cheeses abounded about." plays no role in 


determining stress and subsequently duration. 
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The present study did not directly address Huggin's hypothesis because the 
perception of stress on the CVC was not manipulated. Future work could 
use semantic preconditioning to control the perception of stress on the 
CVC or on “big”. Huggins data might be reanalyzed in terms of phrase 
final vowel lengthening. Then the extra unstressed syllables would not 
directly shorten the stressed syllable. They would indirectly shorten it 
by moving it out of the phrase-final position. The present study did find 
evidence that the more global features of phrase context did affect the 


perception of vowel duration in a small but significant manner. 


Klatt (1975) measured the durations of stressed and unstressed 
vowels in connected discourse. He found that syllable length doubled at 
the end of a sentence. Vowel lengthening before a voiced consonant 
occurred only at the end of a phrase. Constituent boundaries were usually 
marked by changes in vowel duration. The vowel's position in the phrase, 
the phrase's position in the sentence, and the location of constituent 
boundaries are global features that may affect the perception of vowel 
duration. Klatt stated that the fundamental frequency contour was not 
distinctive at the subject-verb boundary but lengthening was. He claimed 
that a model based only on semantic importance and stress levels would not 
account for the data. In the present study the differences between the 
frame “The CVC ...” and the frame “The big CVC...” could be interpreted in 
line with Klatt's remarks on lengthening at the subject-verb boundary. 

The affect is small and might also be accounted for with a semantic 


interpretation. Further investigation would be necessary to settle the 


point. 
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Cooper (1976b) found that, 


“speakers lengthened the last two syllables of the verb ‘expected' 
When it was followed by a complement clause in the surface structure 
of the sentence, as compared with when it was followed by a simple 
phrase in surface structure, which, according to one linguistic 
analysis, was derived from a full complement in underlying 
structure. This finding suggested that a speaker's surface 
structure representation of an utterance is the primary level of 
Syntactic representation that exercises control over syllable 
timing. Further, the differences in the sentences was two words 
after the verb. Thus the speakers in this study were computing the 
durations of syllables in part as a function of the hierarchical 
structure of the sentences rather than on a linear word-by-word 
basis.” 


This production study demonstrates the influence of quite global 
factors on vowel duration. The present study does not use the same 
sentences but similar global factors were found to have only a minor 


effect on the role of vowel duration in perception. 


Klatt (1976) claims that utterance final lengthening over several 
syllables is probably related to a general deceleration of motor activity 
at the end of the speech act. However, lengthening of the phrase final 
syllable at sentence internal phrase boundaries can be interpreted as a 
planning unit marker. Combining duration with intensity, pitch, and vowel 
quality may leave no ambiguity about phrase structure. Duration of the 
phrase final syllable can serve as a primary cue for the decoding of 
surface structure in spoken sentences. A future study could use the same 
approach as the present one to pursue this matter. It would be necessary 


to compose a pair of sentences with the same sequence of words but 
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different surface syntactic structures. A CVC such as used in the present 
study could be placed at one of these boundaries. Then the affects of the 
duration of the vowel in the CVC and semantic preconditioning on the 


perception of the sentence could be investigated. 


Goldhor (1976) found that a single noun as subject is shorter than 
when it is subject while modified by an adjective. Klatt (1976) suggested 
on the basis of this work that a single noun as subject may be grouped 


with the verb in a single phonological phrase. 


Cooper, Sorensen, and Paccia (1977) claim that nonadjacent segment 
correlations provide a rich testing ground for assessing the influence of 
a speaker's grammatical code on speech timing. They draw many conclusions 
from the fact that 21 out of 24 possible correlations were positive. But 
all of them are without a strong statistical foundation since only 2 of 


the 21 were statistically significant. 


Cooper, Lapointe, and Paccia (1977) assume that they know where the 
syntactic boundaries within sentences are and assume that they know what 
the phonological rules are. Then they seek experimental evidence of how 
syntactic boundaries block phonological rules. They are looking for 
evidence of the interaction of two hypothetical constructs without 


checking the psychological validity of the constructs. 


me POs oa hoatien > nie oti  walg bewet ci ies 
shades ‘He Ge Ralbteae »! bee svete 42 @ 


harass toiel) ois 
pie alts te atead vii 


nt ath ow! ine Soalew ae nd? pigr io € gees 4 
fgnis «a al ¢tee Of) wr 


- 


, aed jest Lggete woah 


griepee BiGei Tone bof? GIA (°1¢%) abaoel bas ,ceersre? repo’ 


-¢i3 4 oti vor anofieleuee 


7 
feslitem6)i 6° 7076egs 


> 4 Ia 


te suvowltal ~ gsleeiaen tei een 


sisal (ae SQ ' OF Beni? tae to ote : _ 

tet Te \ we wae 0. 940" 2 Oe. - 
= c Get ower aerenetem’ (dh! *sct07e Yt seuiale ove Seed Te. si 
sitar i lingls 4 sedbace Gree ib: an 


7 


ay eel wpa gel 14% meee (CR) Siceet We ; haley aly _ 


tem thd yn arr een bee tee 940 Gpatyiims Guife esl iitued 21339 “a 

v= ae emanate Tein (Segre ve crt emit «ate 6048 15:31 ga ameny . 
; : onan oe ye olen hedigpioeaty Siols (edes~an — 
ar are et ee aid Ve ants ered Ge Se @ oe 

—_ sap. je yspsidan Uvitigatdeve) an Betton 
vr y, 2 7 | iz | 


= 
on: 


Perception 


Huggins (1972a) attempted to measure the just noticeable differences 
of segment duration in naturally spoken sentences. Unfortunately the 
phonetically trained subjects were asked to use an internal standard of 
“normal” length to judge differences. Thus the standard psychophysical 
paradigm for the measurement of just noticeable differences was not used. 
Rather, the subjects were to decide whether the duration of a single 
segment in an utterance was “normal” or “long”. In a second set of tests 


Ee cCaciticion KAS “moral” ore “Sia@irie” . 


The shifts in boundaries observed in the present study ranged from 2 
to 63 milliseconds. Huggin's results suggest that any systematic duration 
difference less than 20 msec is unlikely to be perceptually significant. 
In the present study statistically significant boundary shifts amounted to 
about 20 msec or more. Huggins showed that differences in duration of 
this size could be perceived. The present study shows that such 


differences are used by the listener in speech processing. 


Ainsworth (1972) examined the effect of rhythm on vowel 
identification. Two different sequences of three neutral vowels were used 
as introductions to the test vowels. One contained 160 msec sounds, the 
other 640 msec ones. The change in introductory sequences “had the same 
perceptual effect as changing the duration of a 240 msec vowel by 


approximately 120 msec.’ 
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To test speaking rate as a truly global feature entire passages of 
text should be used as stimuli. Ainsworth looked at the effect of the 
duration of three preceding vowels, a more local feature. In the present 
study an attempt was made to manipulate natural speech in a more 
sophisticated manner. The affect of different natural sounding stress 


patterns and syntactic frames was investigated. 


Fujisaki, Nakamura, and Imoto (1975) examined the perception of 
phonemic length in Japanese. All the vowels and some consonants have 
"longer' phonemic counterparts that can be discriminated largely by their 
duration. The perception of synthesized speech and nonspeech sounds was 
investigated with a two alternative forced-choice task. A change in the 
talking rate from 160 msec per mora to 250 msec per mora changed the 
phoneme boundary (using real-word minimal pairs) from 140 msec to 200 
msec. The results also suggested that duration cues for vowels, nasals, 


and voiceless plosives were processed by the same mechanism. 


The 60 millisecond shift is the same as the largest shift observed 
in the present study. Real-word minimal pairs are also used in the 
present study since the affect of the syntactic frame was investigated. 
In Japanese, vowel duration is a phonemic feature independent of vowel 
quality. In English phonetic vowel quality and duration combine to 
determine phonemic categorization. The magnitude of the shifts in the 
phoneme boundary are comparable in the two studies. But the major 
differences teereen the two languages limits the range of possible 


comparisons and conclusions. 
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Lehiste (1976) found that “at least in some positions, listeners may 
perceive units with changing fundamental frequency as longer than their 
measured length would indicate.” For this reason the fundamental may be 
an important variable controlling the role of vowel duration in phonemic 
categorization. The present study used a constant 100 Hz fundamental in 
the CVC being studied. So Lehiste's conclusion was not directly tested. 
The two different stress patterns on the end of the sentences, “The (big) 
CVC could be here.", were realized with two different fundamental 
frequency contours. But these differences had no significant affect on 


phoneme categorization in the CVC. 


Klatt (1976) concludes that systematic duration changes of less than 
25 msec, ie. of 20% (Weber's law) are perceptually of much less importance 
than longer ones. The major statistically significant boundary shifts in 


the the present study were 20 msec or more. 


Klatt also reports that the speaking rate for the preceding seven 
syllables changes the voice-onset-time (VOT) boundary in synthetic 
syllables. This is another example of the affect of a global feature on 


the perception of speech sounds. 
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III. The Experiment 


A. Preparation of Stimuli 


Prof. John Hogan, a Canadian, was recorded pronouncing the sentences 
"The (big) | cop, CODGECUp, cub} could be here” with level tone, falling 
tone, and with stress on “here”. The four words “cub, cup, cob, cop" were 
also recorded pronounced in isolation. The eight sentences pronounced 
with a level tone were used as distractor stimuli. They were digitally 
sampled at 16 kHz and stored in computer memory. The phrase "the big” was 
copied from the sentence "The big cob could be here” and stored separately 
as THEBIG. The words “the” and “could” were stored as THE and COULD. The 
same sentence pronounced both with stress intonation on “here” and with 
falling intonation on “here” was sampled and stored. The phrase "be here" 


was copied off of both sentences and stored as BEHEREUP and BEHEREDN. 


The word “cob” pronounced in isolation was sampled and stored. The 
particular pronunciation was chosen for its steady formants as seen on the 
Spectrogram in Fig. 1. The waveform was divided into three segments. The 
first consisted of the initial noise burst and the first four pulses of 
the vowel. The third consisted of the last four pulses of the vowel and 
the final voicebar. The second segment consisted of the remaining vowel 
pulses. The last pulse of the first segment and the first two pulses of 
the last segment were trimmed away so that very short vowels could be 
produced. The voicebar on the third segment was amplified by a factor of 


two so that two extremes on the scale of voicebar strength could be 
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produced. The resulting segments were stored under the names C and B 
respectively. The second segment was pruned down to six vowel pulses and 
named OPRUNE. Four copies of it were repeated to produce a segment named 
OPRUNEX4. The additional pruning was necessary to avoid any small 
discontinuous jumps in formant values when the segment was repeated. The 
fundamental frequency was 100 Hz. Five subsegments were defined on this 
segment. They were named Ol, 06, Oll, O16 and 021 and consisted of l, 6, 
11, 16 and 21 vowel pulses, respectively. Segment B was copied and the 
voicebar was silenced on the copy. The copy was named segment P. Fig. 2 


contains oscillograms of C, B, P, and OPRUNE. 


Finally, two segments of silence, 64 and 128 msec in duration, were 


stored under the names SHORTSIL and LONGSIL. 


Thus all the segments were stored that were necessary to produce; 


1. eight original pronunciations used as distractor stimuli, and 
2. all eighty combinations of the factors; 
a. Voicebar present and amplified or absent on the final 
consonant of the CVC, 
b. five different durations of V in the CVC, 
c. the frames: 
1) "The CVC could be here”. 
2) “The big CVC could be here”. 
d. [CRORE or falling intonation on “here”, and 


e. a 64 or 128 msec pause after the CVC. 
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In summary, the experimental stimuli consisted of all sequences generated 
by the following minigrammar; |THE, THEBIG}+C + {01, 06, O11, 016, 021} 


+ {B, Pt + COULD + {BEHEREUP, BEHEREDN } . 


All of the above work was done using the ALLIGATOR programming 
system for psychoacoustic experimentation. Programs were written to play 
back sentences and words according to the entries in random lists. The 


programs and the lists are in the appendix. 
Pea GiSts or stimuld 


Two random sentence lists were prepared. They are listed in the 
appendix. The first eight entries of both lists were the same eight 
original pronunciations of "The (big) | cub, Cups Cour cop} could be 
here" with a level tone. This was followed by eight introductory 
experimental sentence stimuli. The eighty experimental stimuli required 
by a fully crossed design followed in random order and in blocks of five. 
Each block was preceded by one of the original pronunciations in a level 
tone. The two sentence lists differed in the order of the 80 experimental 
octal. These lists will be referred to as sentence lists one and two. 
The first 61 CVC's in sentence list one were used to construct a word list 
containing 40 different experimental CVC stimuli. Unfortunately the CVC's 


were not in equal numbers in this word list although all were present at 
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C. Subjects 


All the subjects were native speakers of English with no known 


hearing problems. 


Twenty male subjects were recruited from the student residence at 
the University of Alberta. None had a background in linguistics or 
phonetics. Ten of these were presented the lists in the order: sentence 
list one, sentence list two, word list. Seven of these subjects did the 
test on Nov. 22 and three on Nov. 23. All of these first 10 subjects 
lived in Alberta before coming to the University of Alberta. The 
remaining ten were presented with the lists in the order: sentence list 
two, sentence list one, word list. Six subjects did the test on Nov. 24 
and four on Nov. 26. Six of these subjects lived in Alberta before going 
to University. Two of the rest were from Toronto, one was from the Yukon, 


and one was from San Diego. 


Ten female subjects were recruited from a first year linguistics 
class. They were presented the lists in the same order as the first group 
of 10 subjects. Eight subjects performed the test on the morning of Nov. 
28 and one did it in the afternoon. All of these nine subjects were from 
Alberta. The tenth subject did the test on Dec. 2. This subject learned 


English in Australia and was phonetically trained. 


These three groups of subjects will be referred to as groups one, 


two, and three, respectively. 
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D. Presentation 


The ALLIGATOR programming system for psychoacoustic experimentation 
was used to play the sentence and word lists. They were recorded on tape. 
A description of the recording technique is given in Fig. 8. Every tenth 
item on the tape was preceded by a pronunication of its number. The tapes 
were played to the subjects over a TEAC model A-/7030 tape recorder via a 
SONY model TA-1066 amplifier and the bus board in the phonetics laboratory 
capable of feeding fifteen sets of Telephonics model TDH-49 headphones 


simultaneously. 


This group testing facility allowed the testing of a large number of 
subjects. The tape recorder's output control was set so that a 500 Hz 
calibration tone (at the maximum amplitude of the D/A converter) read O dB 
on the VU meter of the tape recorder. Fig. 3 is a block diagram of this 


setup. 


Enlai 


The response sheet consisted of numbered repetitions of the four 
possible responses, “cub, cup, cob, cop”. For the first two lists the 
subjects were asked to circle the word used in each sentence. For the 
third list- they were asked to circle which word they heard. Examples of 


the instructions and response sheets are in the appendix. 
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IV. Results 


A. Subjects 


Table 1 lists the 30 subjects and relevant details. Two subjects in 
each of the first two groups were rejected. One lost his place. Two 
skipped one question. GK performed the test twice. Since the other 
subjects did it only once the results of his second test could not be 
used. Three subjects in the last group were rejected. Two started the 
test late. One was phonetically trained and learned English in Australia. 
Table 2 lists the raw data for all the subjects. The responses "cub, cup, 
cob, cop” are coded "1, 2, 3, 4", respectively. If a question was not 
answered then a "5" is listed. The number of times each subject disagreed 
with the response of another subject was calculated. The resulting 30 by 


SBU-matrixsis’ in Table 3% 


B. Words in Sentences. 


Subject group three was analyzed separately from groups one and two 
because a preliminary analysis of variance showed significant differences. 
Subject groups one and two together will be referred to as section one. 
Subject group three will be referred to as section two. The total number 
of responses for each kind of response and every condition was calculated 
for each section. These totals are listed in Table 4. An analysis of 
variance was done separately on each section of subjects. The Biomedical 


Computer Program (Dixon, 1974) BMDO8V was used with the six factors: 
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1. response - 4 levels - “cup, cub, cob, cop" 

Zwecating == elevelsi=\l.06,011,.16 or 22 pulses, 

3. voicebar - 2 levels - absent or amplified, 

4. pause - 2 levels - 64 or 128 msec 

5. tone - 2 levels - stressed or unstressed “here” 

6.) frame = 2 levels"— “The CVG could be here. “or “The bie CVC 


could be here”. 


The fully crossed experimental design requires that the only terms 
in the analysis of variance that could be significant are interactions 
with the main effect, response. Table 5 lists the results for these 
interactions. The factor tone had no significant interactions. The 
factors tone, pause, and frame had no significant interactions with one 
another. Table 6 presents the results reorganized to reflect the fact 
that the factors voice, gating, and response play the most important 
roles. The factors pause and frame have small but significant further 
effects. The highest order significant interaction terms for section one 
are frame by voice by response and pause by voice by gate by response. 
The appropriate graphs to illustrate these interactions are figures 4a and 
6a. For section two the highest order significant terms are frame by 
voice by gate by response and pause by voice by gate by response. The 


corresponding graphs are 5b and 6b. 
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Voicebar 


With the amplified voicebar the majority of the responses were “cub” 


and "cob". With no voicebar the majority of the responses were “cup”, 


CODE 2 or "cob" z 


Gating 


The responses are clearly arranged according to the length of the 


vowel. As was expected, the shortest vowels were heard as “cup” or “cub”, 


the longest as “cop” or “cob”. Further, consonants following long vowels 


were categorized as voiced. 


Pause 


With a long pause following the CVC more “cop” and “cup” responses 


and less “cob” and “cub” responses were made. 


Frame X Voice 


For section one the change from the frame “The CVC could be here” to 


the frame "The big CVC could be here” caused; 


a. an increase in the number of “cop” responses and a decrease in 


“cob” responses when the voicebar was absent, and 
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b. an increase in the number of “cub" responses and a decrease in 


cup" responses when the voicebar was present. 


For section two the change in frame caused: 


a. an increase in the number of “cup” and "cop" responses and a 
decrease in the “cob” responses when the voicebar was absent, 
and 

b. an increase in the number of "cub" and “cup” responses and a 


decrease in the "cob" responses when the voicebar was present. 


Voice X Gating X Pause 


Regardless of pause length or voicing the transition from /9/ to /A/ 
took place between the 11 pulse vowel and the 6 pulse vowel and did not 
shift more then half a pulse or 5 msec. With the amplified voicebar 
present, the long pause increased the number of “cup” responses for the l 
pulse vowel. With the voicebar absent, the long pause shifted the 
boundary between “cop” and "cob" about 4 pulses or 40 msec. The vowel 
duration that produced the maximum number of "cop" responses wasn't 


affected by the pause length. 


Frame X Voice X Gating 


For section two changing the frame to “The big CVC could be here” 


caused; 
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a. with the voicebar absent: 
1) a 2 pulse or 20 msec shift of the crossover point from “cup” 
tons copa. 
2) a5 pulse or 50 msec shift of the crossover point from 
eCODmsCOmNCOD: mand 
b. with the voicebar present: a 1 pulse or 10 msec shift of the 


erossover point from “cubs to cob’. 


These shifts all put the crossover points at longer vowel durations. 
The shift with the voicebar present was not merely the result of an 
increase in "cub" responses at the expense of “cup” responses. This is 
what happened at the second gating level. But at the first gating level 


"cup" responses increased at the expense of “cub” responses. 


CANORd Sm nel so lation 


The results for words in isolation (Fig. 7) were basically the same 
as for the words in phrases followed by a long pause. The main difference 
is that the crossover from “cop” to “cob” (with no voicebar) falls nearer 
the upper limit of the range of vowel duration used. Also the boundary 
regions appear to be wider - 2 gating levels wide rather than one. A 
quantitative model of the categorization process would be needed to pursue 


this point. 
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V. Interpretation of Results 


All of the following remarks will be made in general terms but 
strictly speaking the experimental results directly pertain only to word 
final bilabial stops following / 92/ within a monosyllabic word in 
isolation or preceding a voiceless stop. More extensive research could 
study the effect of the place of articulation of the final stop and 


various possible phonologic environments for the monosyllable. 


Ase VOLCING 


There are at least two sufficient cues to the voicing of a final 
stop consonant. One is the presence or absence of a strong voicebar. The 
other is the duration of the preceding vowel. A strong voicebar will 
overwhelm the effect of short duration while the absence of a voicebar 
makes duration the salient cue. Thus the relevance of the phonetic 
feature “vowel duration" as a cue to voicing is determined by the presence 
or absence of the voicebar. This can be put in terms of a hierarchy of 
cues. If the voicebar is present then the stop is percieved as voiced. 
Voicebar is at the top of the hierarchy. If the voicebar is absent then 
other cues lower in the hierarchy are used, eg. vowel duration. An 
equivalent formulation would claim that all the cues are processed at once 


but the voicebar cue is weighted more heavily than the duration cue. 
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B. Vowel Categorization 


For the vowel under study, originally pronounced / 5/, duration was 
a sufficient cue for phonemic categorization. Future work may ask whether 
position in formant space and duration are weighted or traded off ina 
Manner similar to the relation of voicebar and duration. But it is clear 


from these results that a straight formant theory is not sufficient. 


C. Pause Length 


It is logically concievable that the effect of the duration of the 
pause following the CVC can be described in terms of local or global 


LACEOLS 


Global Interpretation 


The “intrinsic” duration of an English vowel phoneme is its 
classification as typically “long” or “short”. Thus a base duration can 
be assigned to a phoneme, hypothetically perhaps 90 msec for / a/ and 150 
msec for /95/. The phrase final lengthening effect requires that a vowel 
in the final syllable of a surface phrase be realized with an “absolute” 


physical duration greater than its intrinsic duration. 


If a medium length vowel, say 120 msec, is to be classified as / A/ 
or / 2/ on the basis of its absolute duration one would expect equal 


probability of both responses. But if the listener knows the vowel 
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occurred in the final syllable of a phrase and uses the knowledge of the 
phrase-final lengthening affect then the probability of the response being 
/ / should increase. The result for the whole range of duration should 


be that the crossover point from /A / to / 9/ shifts up the time scale. 


If the duration of the preceding vowel is used as a cue for the 
voicing of a stop then phrase final lengthening should have a similar 
effect on the position of the crossover point from voiceless to voiced 


responses. 


The long pause after the CVC can be conceived of as a marker of the 
surface (syntactic or phonologic) phrasing. Thus the long pause 
establishes "the CVC" and “the big CVC" as phrases and emphasizes the 
phrase boundary after the CVC. So the phrase-final lengthening effect 
should be playing a role in the perception of CVC's before the long pause. 
Following the arguments in the immediately preceding paragraphs the long 
pause should increase the number of categorizations of the vowel as /A / 
and the consonant as “voiceless”. This interpretation accounts for the 
effect of a longer pause in terms of a more or less global factor —- the 


phrase boundaries within the sentence. 


For section one the boundary for vowel categorization does not shift 
while the boundary for the voicing decision shifts 33 pulses or 35 msec 
when the voicebar is absent. Thus the global interpretation's prediction 


that the vowel decision boundary will be affected is contradicted by 


experiment. 
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For section two with the voicebar absent the vowel boundary shifts 
about 2 pulses or 20 msec while the voicing boundary shifts 4 pulses or 40 
msec. Since both boundaries have shifted the global interpretation is 
Supported by experiment. A quantitative model of phrase final lengthening 


would be needed to exactly account for the sizes of the boundary shifts. 


There is no shift in the boundary of the vowel decision when the 
voicebar is absent. But the number of "cup" responses does appear to 
increase at the expense of “cub” and "cob" responses. A quantitative 
theory of phrase-final lengthening that is concerned with more than just 


crossover or boundary points is necessary to account for this observation. 


The difference between sections one and two may be one of quantity 
rather than one of quality. In section one with the voicebar absent there 
is also an increase in "cup" responses at the expense of “cub” and “cob” 
even though the vowel decision boundary doesn't shift. So the pause is 


having an effect on vowel categorization although it is not shifting the 


vowel categorization boundary. 


Local Interpretation 


If the pause length is interpreted as a local phonologic cue then 
the restriction of its affect to the voicing of the consonant is 
acceptable. But the explanation of its effect can no longer rely on vowel 
length as an intermediate step. The simplest hypothesis is that a long 


pause after a word-final stop is a deliberate and independent cue for the 
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feature voicing. Thus, the cues for the voicing of a stop depend on the 
phonological and perhaps even morphological context. An alternative 
hypothesis could claim that there is a single physiological correlate of 
voicing perhaps “force of articulation", intrabuccal pressure, or glottal 
posture. Then the acoustic cues in different contexts are supposed to 
arise from the physiological limitations of the articulators. Such a 
hypothesis remains speculation without corresponding physiological 


evidence. 


Synthesis 


The fact that the long pause does shift the vowel boundaries for 
section two and has an effect on vowel categorization for both sections is 
evidence against a strict local interpretation. It may be the case that 
both interpretations are partly correct. One cannot say how much of the 
silence is a phrase-marking pause and how much of it is a narrow 
phonological cue. The fact that there is a much stronger affect on 
voicing than on the vowel suggests that most of the pause is being 
interpreted as a local phonological cue to voicing alone. The weaker 
effect on the vowel categorization suggests that some effect of phrasing 
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D. Frame 


Klatt (1976) reported that Goldhor's data suggested that a single 


noun as a subject formed a single surface phrase with the verb. The 
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presence of an adjective was sufficient to set off the subject as a single 
phrase. The criteria for the existence of a phrase was the existence of 
the phrase-final boundary lengthening effect. If 1) the listener uses 
information derived from word order and grammatical class (or from 
phonological cues other than timing) to infer when phrase-final 
lengthening has occurred and if 2) “the CVC could" and “the big CVC" form 
surface phrases then the presence of phrase final lengthening in "the big 


CVC" should produce a shift to / / and voiceless quality. 


Phrasing Interpretation 


The clear shifts in boundaries found for section two follow the 
predictions of the preceding paragraph. There is the question, though, of 
why the shift in the voicing boundary should be larger than the shift in 
the vowel boundary. A more quantitative model of the effect of phrasing 


on timing would be necessary to resolve this problem. 


Semantic Interpretation 


The voice by frame interaction for section one can be given a 
semantic explanation. The two words “cub” and “cop” describe animate 
beings that are often classified as large or small. The two words “cob” 
and “cup” describe inanimate objects whose size is more or less standard. 
A variety of word association tests could test the hypothesis that "base 
is more strongly associated with “cub” and “cop” than with “cup” or COD 


The phonological factors remain the main determiners of the subjects’ 
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responses. Thus the response “cub” was rarely given when the voicebar was 
absent. So there was no opportunity for the semantic effect of the frame 
“The big CVC could be here” to exert an influence and increase “cub” 

responses. But the semantic effect did increase the “cop” responses over 
the “cob” responses. With the voicebar present there were few “cop” 


responses. But the semantic effect of the second frame did increase the 


“cub” responses at the expense of “cup” responses. 


This interpretation cannot account for the results of section two. 
Both with and without voicebar the second frame increased “cup” responses 


while decreasing “cob” responses. 


E. Section Differences 


On the whole, section one appeared to be less sensitive to 
phonologic and syntactic context and more sensitive to semantic context 


and obvious phonological cues than section two. 


i, Ibaveeiaienestreys 


The strong intonation cue for stress on “here” hypothetically could 
have weakened the perceived stress on the CVC and thus shortened the 
length that would have been acceptable as an intrinsically long vowel. 
But the absence of any effect is not surprising since “here” is the third 


word past the CVC. 
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G. Words in Isolation 


The results for the words in isolation are accounted for in the same 
manner as the results for the CVC's followed by long pauses. The 
boundaries for the vowel phoneme categorization are the same for the words 
in isolation and the words in phrases. But the boundary for the voicing 
decision is shifted. If the listeners expected different vowel lengths in 
isolated words then the boundaries for both the vowel and the voicing 
categorizations would shift. So the vowel categorization appears to be 
based on the absolute length of the vowel. But the voicing decision is 


based on the length of the vowel in relation to the context. 


The broader boundaries for the isolated words indicate that the 
listener either 1) can make a more categorical decision while processing a 
phrase or 2) uses the rest of the phrase as a reference to make more 


accurate measurements of absolute duration. 


H. Summary 


In summary, the regions of the speech signal used in processing 
vowel quality and the feature voicing have been found to be much narrower 
than suggested. by production measurements. The perceptual relevance of 
vowel duration and the presence of a voicebar is easily separated from and 
much greater than the relevance of a following pause or the choice of a 
syntactic frame. The intonation pattern on the end of the phrase had no 


relevance for the perception of a vowel at the beginning of the phrase. 
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Vowel length is a sufficient cue for changing the phonemic 
categorization of a vowel sound. So a straight formant theory of the 
perception of English vowel phonemes is not sufficient. Vowel duration 
must be included in any theory of English vowel perception. The presence 
of a strong voicebar did eliminate the effect of vowel duration on the 
perception of voicing in the following consonant. The phrase context did 
slightly shift the position of perceptual boundaries and would have to be 
taken into account in any attempt at establishing an accurate quantitative 


theory beyond a first order of approximation. 
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VI. Suggestions for Further Study 


An obvious future step is the use of synthetic speech signals. The 
vowel formants could then be systematically varied. It would be expected 
that duration cues to vowel quality would be more relevant for perception 
when a vowel sound was on a boundary in formant space between two vowel 
categories. The trade-off between position in formant space and vowel 
duration would be expected to be similar to the trade-off between vowel 
duration and voicebar intensity. Variation of synthetic distractor 
stimuli might allow investigation into the role that speaker normalization 
plays in the results. A wider variety of distractor stimuli that are not 
similar to the experimental stimuli would provide better experimental 
control. Variation of the intonation contours of synthetic stimuli would 
allow a more detailed investigation of the effect of stress intonation and 


phrasing intonation on vowel categorization. 


A second possible future step would be to integrate a cognitive task 
into the perceptual experiment. This would allow manipulation of the 
subjects' expectations based on semantic context and content. An 
intellectually more demanding task would allow more data to be collected 


from a subject before a boredom limit was reached. 


In general, future extensions of the basic experiment would require 
the collection of more data from more subjects. The present study used 
groups of subjects rather than a single subject at a time. Future work 


could aim towards on-line (rather than manual) data collection by computer 
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from a large group of subjects. The ability to rapidly collect and 
process a large amount of data would allow a more complete experimental 
design. Extensions in this direction could include the use of more than 
one vowel opposition and a variety of phonologic environments. Word lists 
such as those prepared by Lehiste and Peterson (1959), Rockey (1973), and 


Moser (1969) would be valuable in preparing stimulus material. 


Even without the addition of further experimental variables, the 
collection of a larger volume of data would be necessary to develop a 
more quantitative theory. Finer division of the ranges of vowel duration, 
pause duration, voicebar duration, and voicebar intensity would be 
important in developing an accurate quantitative model. A quantitative 
mathematical model of the perceptual categorization of vowel quality could 
be based on statistical decision theory and/or feature detection. Such a 
model ought to be consistent with measurements of actual speech and with 


the results of the perceptual experiments. 
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source 
response R 


voice VR 
gating GR 
tone TR 
frame FR 
pause PR 
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VFPR 
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** significant at 1% level F(3,12)=5.95 F(12,12)=4.16 
* significant at 5% level F(3,12)=3.49 F(12,12)=2.69 


TABLE 5a SECTION 1 


ANALYSIS OF VARIANCE 


RESPONSE INTERACTION COMPONENTS 


degrees of 
freedom 


sums of 
Squares 
52:12 3 
9632 3 
20295 12 
29 3 
63 3 
151 | 
9842 2 
20 3 
Sy 12 
54 3 
44 12 
Baz 3 
31 3 
2 i 
135 3 
Vhs 3: 35 
SP 12 
63 12 
10 3 
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TABLE 5b SECTION 2 ANALYSIS OF VARIANCE 
RESPONSE INTERACTION COMPONENTS 


*K* 


** 
** 


** 
*K* 


K* 


** 


** 


R* 


K* 


sums of degrees of mean 

source Squares freedom square F-ratio 
response R 962 3 320 338 
voice VR 1450 3 483 510 
gating GR 3620 12 301 318 
tone TR 5 3 iis Ff 1.8 
frame FR 43 3 14 ie 
pause PR 31 5) 10 11 
VGR L255 LZ 105 110 
VIR 6.6 3 IIA Pes) 
GTR 10 12 Ono 0.9 
VFR tine) | DO Pope) Ai 
GFR 55 12 4.6 4,88 
TFR Sia! 3 1h) hal 
VPR 9.8 3) Shae} 3.44 
GPR 57, £2 | 4.99 
TPR 2.4 3 0.8 Oe 
FPR 0.6 3 Gaz OFZ 
VGTR 6.5 L2 Das 0.6 
VGFR 103 12 8.6 9 
VTFR 8.0 3 ed. Lee 
GTFR 10 12 WAS) O39 
VGPR 83 12 Goo Yi 
VTPR 1.4 8) 0.5 0.5 
GTPR Gee 12 0.6 0.6 
VFPR Pi S) 3 0.8 0.8 
GFPR 29 12 2.4 aan 
TFPR Lae 3 WAT 0.8 
VGTFR 17 12 1.4 i 
VGTPR Shee LZ 0.4 Ops) 
VGFPR PL) 12 fees i Pb Mral 
VTFPR 4.5 3 ARS) LO 
GTFPR 10 12 Oe9 Obs) 
error- 
VGTFPR ie 12 Ong = 


**k significant at 1% level F(3,12)=5.95 F(12,12)=4.16 
* significant at 54% level F(3,12)=3.49 F(12,12)=2.69 
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TABLE 6 REORGANIZED ANALYSIS OF VARIANCE 
RESPONSE INTERACTION COMPONENTS 


Section 1 

source F-ratio él eit 
R 284 3 
GR 449 12 
VR 852 2 
VGR 218 iP 
FR 6 3 
FGR 1 L 
FVR 5 3 
FVGR 1 12 
PR 13 3 
PGR 5) 1. 
PVR 3) 3 
PVGR 4 12 


** sionificant at 1% F(3,12)=5.95 
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RK 
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Section 2 
source F-ratio 
R 338 
GR Shibte} 
VR 510 
VGR 110 
FR i 
FGR 5 
FVR 3 
FVGR 9 
PR ll 
PGR 5 
PVR 5 
PVGR 7 


F(12,12)=4.16 


Mmecteniticant, ati o, 6 (3, 12)=3.49 7k 12512)=2.09 


= response 
= gating 

= voice 

= frame 

= pause 
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TABLE 7a) 


1) Section 1 


WORDS IN ISOLATION, TOTAL # RESPONSES 


No Voice Bar Voicebar 
vowel 1 6 Lae LO 21 jt 6 el Loge il 
CUB 2 0 2 l 6) Syl 92 i 1 1 
CUP 94 SZ 6 i O 1 3 0 0) ) 
COB 0 0 7 10 39 0) 1 36 79 63 
COP 6) 0) 65 36 25) 0) 1 1 0 0) 
OATS 96 382 80 48 64 Sy 96 48 80 64 
ii) section. 2 
No Voice Bar Voicebar 
vowel il 6 iL it 16 2 Il 1 6 ll 16 pall 
CUB 6) 0 1 0) 0 10 37 5 1 6) 
CUP 42 Ne) 4 0 6) 4 4 O 6) 0) 
COB 0 0 0 1 14 0 0) LS 34 28 
COP 0 1 30 20 14 6) 1 1 0 0 
TOW Gy od 14 BD 21 28 14 42 21 35 28 
TABLE 7b) WORDS IN ISOLATION, PERCENT RESPONSES 
A eeoection. | 
No Voice Bar Voicebar 
vowel il 6 et 16 al 1 6 ll 16 pall 
CUB Poll OAS Deel 6) 96,9295 som, 22 Ome) até 
CUPS sce Oe a OOM se eee 0 Oe 20 oe 0) 0) 0) 
COB 0 OMEO ae OOM ee 6) 1 Ome ee OO cviome oO net 
COP 6) ORSTR 25m o/ 520 Beso eel 0 6) 2b I 0 0) 
ide Section 2 
No Voice Bar Voicebar 
vowel il 6 ll 16 DAl 1 6 Hil 16 DA 
CUB 6) 0) 269 0) 6) Mahi teteyahi Sta} Ps) 0) 
CUP 100 92.9 11.4 0 0) 23.0me 6) 0) 0 
COB 0 6) 6) esas © SYO) 6) 6) Pied) D7 100 
GOR 0) Thal twins bees S16) 6) Dak 4.8 0 0) 
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I. CVC"s that are real English words. 


a) Arranged by consonant voicing and vowel length. 
b) Full CVC quadruplets and their frequencies. 


2. ALLIGATOR programs to play randomized stimuli. 
a) Programs for sentence lists. 
b) Programs for word list. 
c) Random number lists. 
3. Randomized stimuli lists. 
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4, Instructions to subjects and a sample response sheet. 
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Full CVC quadruplets and their frequencies. 
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MASTPP 


C 

LIB DMASUP 
RUN DINP 

PR &TOTAL 
UNLOAD DINP 
C INITIALIZES ALL VARIABLES 
C ESTABLISHES FILE AND RNUM 
C READ SOURCE: &TOTAL 

C DATA CNT 0 
C 

L 


RUN COUNTP 

UNLOAD COUNTP 
C ADD &CNT 1 
C TERECNTMES 10, 20; ... THEN 
é PLAYS NUMBER &CNT 
C READ SOURCE: - 
C 
C 
C 


&N(1) &N(2) &N(3) &N(4) &N(5) &N(6) 


USES LABEL 4 


TF PONCL AGT eae GOTOR2 
C ELSE; 
C CONSTRUCT GATED STIMULI 
RUN DWRDNP 
UNLOAD DWRDNP 
C CREATES &CVC 
RUN DPLAYP 
UNLOAD DPLAYP 
C CREATES AND PLAYS PHRASE 
GOTO 3 


LABEL 2 
RUN PHROP 
UNLOAD PHROP 

C PLAYS ORIGINAL PHRASE 
C 

LABEL 3 
IP &CNT LT &TOTAL GOTO l 
END 


Appendix 2ai) Master Program 
for Sentence Lists 
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DINP 


C 

C DATA PAUSE(2)*4 + ++++ 
C DATA K 

DATA FILE*6 

DATA RNUM*6 

DATA CVC%*8 

DATA ONN*8 

DATA PB(2)*8 P B 
DATASA() ) 41 BOA 11g 16 21 
DATA N(7) 

DATA DUM 

DATA CNT 0 

DATA TOTAL 109 

PR &TOTAL &CNT 

DATA WAIT(3) 1000 1000 1000 
C STIMULI ORIGINAL NUMBER 
DATA FRAME 

DATA S(2)*4 UP DOWN 

DATA DET(2)*4 + BIG 

DATA WRD(4)*4 CUB CUP COB COP 
STA PF 

PR BE SURE NO SOU OR SINK 
PR WHAT ACTIVE FILE 

READ TTY: &FILE 

GET &FILE 

PR WHAT RNUM FILE 

READ TTY: &RNUM 

SOURCE &RNUM 

PR PLOT 

READ TTY: &N(7) 

C READ SOURCE: &TOTAL 

LO CAL 

PL 

END 


Appendix 2aii) 
Data Initialization Program 


7 : - 
’ : Z - 
. 7 
ray ; : bb dae 
: s 
, ® 
> : 


Fa tome (ie ae ian rs ; 


o- 
(> cne._2. 19 baa 
joey OTA 19 


COUNTP 


C 

ADD &CNT 1 

CL WA 

LET &N(2) &CNT 
DIV &N(2) 10 

LET &N(3) &N(2) 
MUL &N(2) 10 

IF &N(2) NE &CNT GOTO 4 
C ELSE 

GET D2:NUMBER 
ENCODE &CVC N &CNT 
LO &CVC 

LO NUMBER NUMB 

Q GB NUMB &CVC 

PR NUMBER &CNT 
FL 

WA &WAIT(3) MS 

GET &FILE 

LABEL 4 

READ SOURCE: - 


&N(1) &N(2) &N(3) &N(4) &N(5) &N(6) 


END 


DWRDNP 


C 

CL WA 

LET &DUM &N(3) 

ENCODE &ONN 0 &A(&DUM) 

LO C 

LO OPRUNEX4 .&ONN 

LET &DUM &N(4) 

LO &PB(&DUM) 

ENCODE &CVC C &ONN &PB(&DUM) 
QUE &CVC C &ONN &PB(&DUM) 
SAVE &CVC 

END 


Appendix 2aiii) Counting Program 


and CVC Forming Program 


DPLAYP 


C 

C DATA K 

C DATA PAUSE(2)*4 + ++++ 

DATA XY*6 

CL WA 

IF &N(1) EQ 1 LO THE MOD 

IF &N(1) EQ 2 LO THEBIG MOD 

LO &CVC 

IF &N(5) EQ 1 LO SHORTSIL SIL 

IF &N(5) EQ 2 LO LONGSIL SIL 

LO COULD VERB 

IF &N(2) EQ 1 LO BEHEREUP HERE 

IF &N(2) EQ 2 LO BEHEREDN HERE 

QUE GB MOD &CVC SIL VERB HERE 

PLAY 

ERASE &CVC 

C LET &K &N(5) 

ENCODE &XY &CVC + 

IF &N(5) EQ 2 ENCODE &XY &CVC ++++ 

LET &FRAME &N(1) 

LET &DUM &N(2) 

PR THE &DET(&FRAME) &XY COULD BE - 
HERE &S(&DUM) 

WAIT &WAIT(1) MS 

END 


PHROP 


GET ORIPHR 

ENCODE &CVC A &N(3) &N(2) 

CL WA 

LO &CVC 

PLAY 

WAIT &WAIT(3) MS 

LET &DUM &N(2) 

LET &FRAME &N(3) 

PR THE &DET(&FRAME) &WRD(&DUM) - 
COULD BE HERE 

GET &FILE 
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Phrase Playing Programs 
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can) «terreno! ab 
Pie i Jite@uy OF 


Sea Sapp Ww I 
ae wae GT ee 
SEM way Jit 


ai 


4 


5 eee (oie Gabie tia (ti ra 


DIRECTORY DMASUP FULL 


DO: DMASUP. WO BFD 11/16/77 


SIZE: 20 BLOCKS LOC: 650 CREATED: 11/16/17 
NAME FREQ SBLK EP EB XP XB 
MASTPP 16 651 ) O 151 0) 
DWRDNP 16 655 ) 0 160 0) 
COUNTP Dees ee 0 248 ) 
PHROP 16 658 0 O11 0 ; 
DINP 16 652 ) 0 87 1 
DPLAYP 16 656 ) ey ale: l 


DIRECTORY BFDMSC FULL 


DO: BFDMSC.WI BFD Be Moye) 
SIZE: 400 BLOCKS LOC: 1496 CREATED: DG ANG Phe 


NAME FREQ SBLK EP EB XP XB 
OPRUNEX4 16 1504 ) 0 199 13 
021 0 0 13 12 
016 0 ) 46 9 
011 0 0 80 6 
06 0 QO 114 3 
01 0 Oa Lae ) 
BORIG 16 1518 0 0 240 8 
BB 43 224 5 
VBAR 140 De 224 5 
VOW 44 Vestn ys 7 a es 
B 16 1527 ) 0. ©6181 4 
Pp 16, “1532 0 OF ber 4 
C 16 1547 0) One Tit 5 
THE 16 1578 0 0) (E91 5 
BEHEREDN 16 1629 0 0 73 25 
CAL 16 1679 0) Gane 2a 12 
BEHEREUP te" 17105 0 0 61 26 
SHORTSIL 16 1497 0 ) 2 4 
LONGSIL 16 1537 0 0 247 vf 
CO21B 16 1598 0 ) 51 22 
THEBIG 16 we li553 0) 0 71 24 
COULD 16 1584 0) Geen liG 12 
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Jande 
| 


oo 


es 8§ O47] SoC Gleh — Oe 
So ee, 


“pes 


DIRECTORY ORIPHR FULL 


DO: ORIPHR.WI BFD L167 7-7 
SIZE: 600 BLOCKS LOC: 2299 CREATED: LV 16/ ii 


NAME FREQ O°SBEKY Ue EP ER an XP oe exR: 
All 16 2300 0 0 194 67 
Al2 16 2368 0 0 7 68 
Al3 16 2437 0 0 133 70 
Al4 16 2508 ) ) 73 75 
A21 GeO S74 Oma Ok 2205 18 a 
A22 16 2653 0 Ome 46 80 
A23 16 2734 0 ) 19 82 
A24 16 2817 ) 0) 75 81 


DIRECTORY D2:NUMBER FULL 


D2: NUMBER.WI  BFD 11/16/77 ie 
SIZE: 400 BLOCKS LOC: 3664 CREATED: 11/16/77 


NAME FREQ SBLK EP EB XP XB 
N20 16 3665 0 Ome Ole m4 
NUMBER 16 3690 0 Oe 
N10 16 3710 0 i ey ep 
N30 16 3733 0 0 198 30 
N40 16 3764 0 ape ey 
N50 16 3796 0 Owe 255 aeeze 
N60 16 3825 0 0 oe ey 
N70 163853 ee 0 OS eG 
N80 16 3895 0 i Wy 
N90 16 3918 0 (> eo 
N100 16 3945 0 0 140 29 
N110 16 3975 0 TS 


SIZE LOC FIELD 
Bi 4033 ) 


31 FREE BLOCKS 
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: _oema oT eee 


[ ; 
br] enersee*r se" ; 


DEXWRP 


C 
LIB DMASUP 
RUN DINP 


UNLOAD DINP 


ET &TOTAL 61 
WORD LIST IS SHORTER 


INITIALIZES ALL VARIABLES 
ESTABLISHES FILE AND RNUM 
READ SOURCE: &TOTAL 

DATA CNT 0 


(Py Ce) (2) (PUP) (SY ley Ke) 


LABEL 1 
RUN COUNTP 
UNLOAD COUNTP 
GADD &CNT 1 
C IF SCNT IS 10, 20, ... THEN 
C PLAYS NUMBER &CNT 
C READ SOURCE: - 
C &N(1) &N(2) &N(3) &N(4) &N(5) &N(6) 
6 USES LABEL 4 
C 


LERONGI)SGE SeGOTOs2 
C ELSE; 
C CONSTRUCT GATED STIMULI 
RUN DWRDNP 
UNLOAD DWRDNP 
C CREATES &CVC 


ERASE &CVC 
GOTO 3 


LABEL 2 
RUN CVCOP 
UNLOAD CVCOP 

C 

LABEL 3 

PLAY 

WAIT &WAIT(1) MS 

PR &CVC 
IF &CNT LT &TOTAL GOTO 1 
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= error Aad 
Th te ee) ee > 
7 * i908 s e390 » 


=e y- - 7 
; one ¢ ee) Wa ; 
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CVCOP 


C 

GET CVCORI 

LET &DUM &N(2) 

ENCODE &CVC &WRD(&DUM) 
LO &CVC 

GET &FILE 

END 


DO: CVCORI.WI BFD WG) 77 
SIZE: 250 BLOCKS LOC: 352 CREATED: 2777, 


NAME FREQ SBLK EP EB XP XB 
CUPO 16 oie) 0 0 145 20 
COBO 16 374 0 0 238 24 
CUBO 16 399 0 Oe 35 21 
COPO 16 421 0) 0 29 16 
CUB 16 438 0 0 155 14 
CUP 16 453 0 Cee Or 12 
COB 16 466 0 0 18 18 
COPA14 16 485 0 OBS | vail 16 
COP 16 502 0) 0 34 1D 
DIRECTORY DMASUP FULL 

DO: DMASUP.WO = +BFD LDL O777 

SIZE: 11 BLOCKS LOC: 740 CREATED: 1 167 77, 
NAME FREQ SBLK EP EB XP XB 
DWRDNP 16 742 0 0 160 0 
COUNTP 16 743 0 0 248 0 
PHROP 16 744 0 0 142 0 
DINP 16 745 0 0 87 1 
DPLAYP 16 747 0 0 107 1 
CVCOP 16 750 0 0) 67 0 
MAST PP 16 741 0 0 161 0) 
DEXWRP 16 749 0 0 183 0 


Appendix 2b ii) Original CVC Playing Program, 
Original CVC Directory, Program Directory 
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ae ion Mee teen) 


ANS wats 


53 
54 
Sys) 


LORS 2 O20 F7 


Ge Ors 


1 


EO GD he 


1 


56 10 
a7 


58 


2 


P 
NS) 
14 
os) 
16 


61 


LORS gece Oa 


63 


64 


eee Loe 2 ae 


1 


Gay Spe Lo) 
Sp Sr SS 


aN a 


aN 


tSTANN 


aN N 
ANN 


uw Oo re 
Oo 0 O 


pall 


oe 


70 
By 


ZS 
24 
fe) 


9 
10 


2 4e 2:2 
Zan Oem! 


i 


72 


50 
19 


13aee2 


8) ail 


26 


PAGE 2@) 


74 10 4 


75 


11 
12 
13 
14 
15 


i 


2) 


28 


20. 2 
1a 


1 


80 10 3 


81 


16 
Ly 
18 
19 
20 


OM Oss 


82 


1 


60 
Al 


1a NI Bere VPs et! 


85 


POs 2 


38 


[oe Ome 


86 10 2 


i peti PA es 


1 


Meps 


pL Ph Mis ae Pe 828) 


Come nee 
89 


24 


90 
a 


MO 8a 


Random Number List One 


APPENDIX 2ci) 


Si >it “> 7 be | : 1 
caus oes ont ee 
os dap enamendnapnu ret Hse =F 
, ie hae Sen Cet a 6 eam a ae, 
7 Minn te << san ges eon Se Se eee 
uans Mie wige ad Soe n Cid ea me hth 


oo a 0 als nike (apt aaa BIISES CS Se RSRERRR ANS eee 


eee UNE SARTILSE S Ss = Vl= Ses? 2eSgetsete=aes 
ne e8 Ree re nS ose Tena 


y Se are oe 3 wm S see ag - 
> ass 


" : Pa oo aa ot 0b oe = 448—5 0h 5 > ee 
; Se ee gk ea veka at Se ee an a 
PMssssetesrwsss asetes SaPEQuass pase ase 


~ 


LIST RANDM1 


—" 
Nor rN ONM F NY 


ee OM ON tn em 


dss (6S) ay Lad fy te) (Ue ea 


me Re Re NR CO KH NH LS 


2 68 LOS 2 1 
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bh Nh — BS — © NY 


pik 
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aT ahat 


_ 


: LIBRARY DMASUP 


DONE. 
>R MASTPP 
109 0 


ACTIVE: DO:BFDMSC.WI 
LIBRARY. DO:DMASUP.WO 


BE SURE NO SOU OR SINK 
WHAT ACTIVE FILE 
? BF DMSC 
WHAT RNUM FILE 
? RANDM1 
PLOT 
20 

109 
THE BIG COP COULD BE HERE 
Ag st, Raa COB COULD BE HERE 
THE + CUB COULD BE HERE 
THE BIG CUP COULD BE HERE 
THE BIG CUB COULD BE HERE 
19310, ae CUP COULD BE HERE 
THE BIG COB COULD BE HERE 
HES st COP COULD BE HERE 
THE BIG CO6B++ COULD BE HERE UP 
NUMBER 10 
THE CO21P+ COULD BE HERE DOWN 
THE BIG COl1P++ COULD BE HERE DOWN 
Poe CO16B+ COULD BE HERE UP 
EAE CO11B+ COULD BE HERE UP 
THE BIG COB COULD BE HERE 
THE BIG C0O21P+ COULD BE HERE DOWN 
Dok 4 CO1B+ COULD BE HERE UP 
pee CO6B++ COULD BE HERE DOWN 
THE BIG CO11P+ COULD BE HERE UP 
THE BIG COl16B+ COULD BE HERE DOWN 
NUMBER 20 
AE COP COULD BE HERE 
THES s+ COIlP++ COULD BE HERE UP 
THE BIG C0O21P+ COULD BE HERE UP 
Atty ae CO6B+ COULD BE HERE DOWN 
THES CO16B+ COULD BE HERE DOWN 
THE BIG CO11P+ COULD BE HERE UP 
THE BIG CUB COULD BE HERE 
THE BIG C0O21B+ COULD BE HERE UP 
ee COl1P+ COULD BE HERE DOWN 
THE BIG CO11P+ COULD BE HERE DOWN 
NUMBER 30 
THe a CO6B+ COULD BE HERE UP 
THE BIG CO16B+ COULD BE HERE UP 
THEY. -- CUP COULD BE HERE 
THRs =r CO21P+ COULD BE HERE DOWN 
THE + CO16P+ COULD BE HERE DOWN 
THE BIG CO1B+ COULD BE HERE UP 


Appendix 3a) Sentence List One 
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CO6B++ COULD 
CO11P+ COULD 


BE HERE UP 
BE HERE DOWN 


COP COULD BE HERE 


CO11B+ COULD 
40 

CO6P+ COULD 
CO21B+ COULD 
COIP- COULD 
CO16B+ COULD 


BE HERE UP 


BE HERE DOWN 
BE HERE DOWN 
BE HERE UP 

BE HERE DOWN 


CUP COULD BE HERE 


CO11P+ COULD 
CO21P+ COULD 
CO16P+ COULD 
CO6B++ COULD 
CO1P++ COULD 
50 


BE HERE UP 
BE HERE UP 
BE HERE DOWN 
BE HERE UP 
BE HERE DOWN 


COB COULD BE HERE 


CO6P+ COULD 
CO21B+ COULD 
CO1P++ COULD 
CO16B+ COULD 
CO11B+ COULD 


BE HERE UP 
BE HERE DOWN 
BE HERE UP 
BE HERE DOWN 
BE HERE DOWN 


CUB COULD BE HERE 


CO11B+ COULD 
COl6P+ COULD 
CO1P++ COULD 
60 

CO21B+ COULD 
CO6B++ COULD 


BE HERE UP 
BE HERE UP 
BE HERE DOWN 


BE HERE UP 
BE HERE DOWN 


CUB COULD BE HERE 


CO6P++ COULD 
CO11B+ COULD 
CO16P+ COULD 
CO1B++ COULD 
CO21P+ COULD 


BE HERE DOWN 
BE HERE UP 
BE HERE UP 
BE HERE DOWN 
BE HERE DOWN 


CUP COULD BE HERE 


CO1B++ COULD 
70 

CO16P+ COULD 
CO11B+ COULD 
CO6P++ COULD 
CO1P+ COULD 


BE HERE UP 


BE HERE DOWN 
BE HERE UP 
BE HERE UP 
BE HERE DOWM 


COP COULD BE HERE 


CO21B+ COULD 
CO6P+ COULD 
CO16B+ COULD 
CO1B+ COULD 
CO11B+ COULD 
80 


BE HERE DOWN 
BE HERE UP 
BE HERE UP 
BE HERE DOWN 
BE HERE DOWN 


COB COULD BE HERE 


CO21P+ COULD 
CO11P+ COULD 
CO16P+ COULD 


BE HERE UP 
BE HERE UP 
BE HERE DOWN 
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CO16B+ COULD 
CO6B+ COULD 


BE HERE UP 
BE HERE DOWN 


CUP COULD BE HERE 


CO21B+ COULD 
CO11B+ COULD 
CO1B++ COULD 
90 

CO1P+ COULD 
CO16B+ COULD 


BE HERE UP 
BE HERE DOWN 
BE HERE DOWN 


BE HERE UP 
BE HERE UP 


COB COULD BE HERE 


CO11P+ COULD 
CO61P+ COULD 
CO21B+ COULD 
CO11B+ COULD 
CO6P++ COULD 


BE HERE DOWN 
BE HERE DOWN 
BE HERE UP 
BE HERE DOWN 
BE HERE UP 


CUB COULD BE HERE 


CO1B++ COULD 


100 


CO21P+ COULD 
CO11P+ COULD 
CO16P+ COULD 
CO21P+ COULD 


BE HERE UP 


BE HERE DOWN 
BE HERE DOWN 
BE HERE UP 
BE HERE UP 


COP COULD BE HERE 


CO6P++ COULD 
CO21B+ COULD 
CO16P+ COULD 
CO6B+ COULD 
CO1B+ COULD 


BE HERE DOWN 
BE HERE DOWN 
BE HERE UP 
BE HERE UP 
BE HERE DOWN 
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: LIBRARY DMASUP 


DONE. 


:RUN MASTPP 


109 


LIBRARY: DO:DMASUP.WO 


BE SURE NO SOU OR SINK 
WHAT ACTIVE FILE 


? BFDMSC 
WHAT RNUM FILE 
? RANDM2 
PLOT 
20 

109 
THE BIG COP COULD BE HERE 
THES a COB COULD BE HERE 
file a5 CUB COULD BE HERE 
THE BIG CUP COULD BE HERE 
THE BIG CUB COULD BE HERE 
THE. CUP COULD BE HERE 
THE BIG COB COULD BE HERE 
THE += COP COULD BE HERE 
oR btGes COZ] Pt COULD |) BE HERE 
NUMBER 10 
WED ae CO1B+ COULD BE HERE 
THES CO6B++ COULD BE HERE 
THE BIG COl11P+ COULD BE HERE 
THE BIG COl16B+ COULD BE HERE 
THE BIG COB COULD BE HERE 
THE BIG CO6B++ COULD BE HERE 
HER eas CO21P+ COULD BE HERE 
THE BIG COlLP++ COULD BE HERE 
THE + CO16B+ COULD BE HERE 
THE COLLIER COULD SBE HERE 
NUMBER 20 
(M1) ae COP COULD BE HERE 
THE BIG COl16P+ COULD BE HERE 
ORE ods CO11B+ COULD BE HERE 
THE BIG COl1P+ COULD BE HERE 
THE BIG CO6P+ COULD BE HERE 
Toe es CO21B+ COULD BE HERE 
THE BIG CUB COULD BE HERE 
THE LGe CO21P. COULD BE UERE 
cL Eanes CO1B+ COULD BE HERE 
THE BIG CO16B+ COULD BE HERE 
NUMBER 30 
THES CO6P+ COULD BE HERE 
THE BIG CO11B+ COULD BE HERE 
THE -t CUP COULD BE HERE 
HG oer CO11P+ COULD BE HERE 
Aged Si COl16P+ COULD BE HERE 
THE BIG COl1B+ COULD BE HERE 
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THE BIG 
THE BIG 
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NUMBER 
THE BIG 
THE. + 
THE BIG 
THE BIG 
THE BIG 
THES 
THE + 
THE BIG 
THE BIG 
THES + 
NUMBER 


THE 


CO21P+ COULD 
CO6B+ COULD 


BE HERE DOWN 
BE HERE UP 


COP COULD BE HERE 


CO21B+ COULD 
40 

CO11P+ COULD 
COlP++ COULD 
CO16B+ COULD 
CO6P++ COULD 


BE HERE DOWN 


BE HERE UP 
BE HERE UP 
BE HERE DOWN 
BE HERE DOWN 


CUP COULD BE HERE 


CO11B+ COULD 
C021B+ COULD 
CO6P+ COULD 
CO1IB+ COULD 
CO16P+ COULD 
50 


BE HERE UP 
BE HERE DOWN 
BE HERE UP 
BE HERE DOWN 
BE HERE UP 


COB COULD BE HERE 


CO21P+ COULD 
CO16P+ COULD 
CO6B++ COULD 
CO1P+ COULD 
CO11B+ COULD 


BE HERE UP 
BE HERE DOWN 
BE HERE DOWN 
BE HERE UP 
BE HERE UP 


CUB COULD BE HERE 


CO1B++ COULD 
CO11P+ COULD 
CO21P+ COULD 
60 

CO6P++ COULD 
CO16B+ COULD 


BE HERE DOWN 
BE HERE DOWN 
BE HERE UP 


BE HERE UP 
BE HERE DOWN 


CUB COULD BE HERE 


CO11P+ COULD 
CO021B+ COULD 
CO1P++ COULD 
CO16B+ COULD 
CO6B+ COULD 


BE HERE UP 
BE HERE DOWN 
BE HERE UP 
BE HERE DOWN 
BE HERE DOWN 


CUP COULD BE HERE 


CO11P+ COULD 
70 

CO1B++ COULD 
COLLET COULD 
CO21B+ COULD 
CO16P+ COULD 


BE HERE UP 


BE HERE UP 
BE HERE DOWN 
BE HERE UP 
BE HERE DOWM 


COP COULD BE HERE 


CO6B++ COULD 
CO16P+ COULD 
CO1B++ COULD 
CO6B+ COULD 
CO1P+ COULD 
80 


BE HERE DOWN 
BE HERE UP 
BE HERE UP 
BE HERE DOWN 
BE HERE DOWN 
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The study which you have been asked to participate in concerns the 
perception of speech. Through your headphones you will listen to 
a list of 109 phrases. To help you keep your place on the response 
sheet every tenth phrase is preceded by its number. Each phrase 
contains one of the four words, “cub, cup, cob, cop". Your task is 
to decide which word is in each phrase and circle that word on the 
response sheet. If you are not sure which word you heard make a 


guess and don't fall behind. 
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The study which you have been asked to participate in concerns the 
perception of speech. Through your headphones you will listen to 
a list of 61 words, To help you keep your place on the response 
sheet every tenth word is preceded by its nuaber. Your task 

is to decide which of the four words, "cub, cup, cob, cop™ you heard and 


circle that word on the response sheet. If you are not sure 


which word you heard make a guess and don*t fall behind. 
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List of Figures 


1. Spectrogram of "cob". 


2. Oscillograms of acoustic segments. 
a) Segment C. 


b) Vowel pulses. 
c) Initial part of segment B. 
d) Final part of segment B - the amplified voicebar. 
e) Two vowel pulses on an expanded time scale. 
3. Playback setup. 
4. Frame by voice by response. 
5. Frame by voice by duration by response. 
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7. Words in isolation - voice by duration by response. 


8. Recording setup. 
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Spectrogram of "cob". 


Pai 1 


104 


hin fn, — ic eam WAM! 8S a 


a) Segment C. 


Mh thy l I, | 
na il Ht i. 


b) Segment OPRUNE. 


of Ww aww 


cjyminatial panieor 


Segment B. 


d) Final part of Segment B - the amplified voicebar. 
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e) Two vowel pulses on an expanded time scale. 


Fig. 2) Oscillograms of acoustic segments 
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T=tape recorder 
A=amplifier 7 
D=distribution board 


H=headphones 


Amplifier settings 


Section ] Section 2 

bass -6 0 

treble -8 0 

balance 0 0 

volume 3 3 
function phono tapel-source 
nie ft) ters sion 

mode mono 


Tape recorder set to read 0 VU for the 500 Hz calibration tone. 


Pukah: 38) Playback Setup. 


i. ry rn a a aR 


’ 


| | : Horan ak i 
| ; a ; | ot wh gue 
| | wats noah eva Mi i. 
a. ee | 1 Von — a ot 4 ¢ 
a Ancrarie 


ae 


a 
wont ad Tt ; 


7 a oF _ 


_ 
Cm why YO hee 
7 
i 
sete — S- _ L ot 
- 


a _ 


106 


Ter tecolinne =) [hesevG 


right column = The big CVC 


VMs hey iy he la MDA 


OD 
Cc 


si 
WEZTSLEEELIDSS 


COP COB 


No Voicebar Voicebar 


FideedajMemoectionn 


Frame by voice by response. 


t. 


huis, } Te 1¥¢ 


i OF ‘ 


" 
me & 
a 


50 


40 


30 


20 


10 


107 


left column = Thestve 
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Frame by voice by response. 
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Analog Output 4 on PDP11 Computer 

Right Line In on TEAC A-7030 Tape Recorder 
calibrate SINE500 for Odb on right VU meter 
Right Line Out on TEAC 

Output adjusted to dynamic range of Rockland filter 
IN] on Rockland filter 

Odb hi pass BW 70Hz 

OUT] on Rockland 

IN2 on Rockland 

Odb lo pass BW 7kHz 

OUT2 on Rockland 


Left Line In on Teac 
set SINE500 3 db down On left VU meter 


Record Left Line 


Left Line Out 


Oscilloscope 
look for clipping 


Fig. 8 Recording Setup 
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